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SPECIFICATION 


1. Title of the Invention 

Fuel cell power generation system and operation of same 

2. Claims 

1 . A fuel cell power generation system comprising: a series circuit composed of a 
plurality of fuel cell stacks connected in series; a load and load current detection device 
connected in series with said series circuit; and fuel and oxidant feed lines for supplying 
fuel and oxidant to said fuel stacks, wherein said fuel cell power generation system is 
characterized in that said cell stack comprises a cell output controller; said oxidant feed 
line comprises a flow regulator; a control unit [coupled with] said cell output controller, 
said flow regulator, and said load current detection device is provided; whereby a selected 
cell stack in said series circuit may be temporarily placed in an oxidant feed deficit state 
during operation of the series circuit, without dropping the load current of the series 
circuit. 

2. A method for operation of a fuel cell power generation system comprising: a 
series circuit composed of a plurality of fuel cell stacks connected in series; a load and 
load current detection device connected in series with said series circuit; and fuel and 
oxidant feed lines for supplying fuel and oxidant to said fuel stacks, wherein said method 
for operation of a fuel cell power generation system comprises providing a cell output 
controller to said fuel stack; providing a flow regulator to said oxidant feed line; 
providing a control unit [coupled with] said cell output controller, said flow regulator, 
and said load current detection device; and wherein in the event that a selected cell stack 
in said series circuit is to be temporarily placed in an oxidant feed deficit state during 
operation of said system, the flow of oxidant thereto is reduced by adjusting the flow 
regulator of said selected cell stack by means of said control unit such that the load 
current of said series circuit detected by said load current detection device is unchanged, 
and the output of the cell stacks other than said selected cell stack is then increased by 
means of said control unit via said cell output controllers to compensate for the drop in 
output by said selected fuel stack. 


3. Detailed Description of the Invention 

Field of Industrial Utilization 

The present invention relates to a fuel cell power generation system and to a 
method for its operation. 

Prior Art 

Deterioration of performance can occur for a variety of reasons when a fuel cell is 
operated for extended periods. In the past [there have been proposed a number of] 
performance restoration means for replenishing electrolytes in order to restore degraded 
performance resulting from electrolyte depletion (Unexamined Patent Applications 
(Kokai) 58-103784, 58-48366, and 58-42179). However, to date there has been no way 
to restore degraded performance resulting from other causes, or to actively improve 
performance. 

Problems the Invention Attempts to Solve 

As no performance restoration means for restoring degraded performance 
resulting from causes other than electrolyte depletion have been proposed to date, there 
have been significant difficulties in extending cell life. 

With the foregoing in view, it is an object of the present invention to provide a 
fuel cell power generation system and method of operation offering extended fuel cell life 
and better performance. 

Means Used to Solve the Problems 

This object is achieved by providing a device and method for temporarily placing 
a fuel cell in an oxidant feed deficit state (fuel is supplied in sufficient quantity during 
th'is time) during operation thereof (i.e., in the presence of load current flow). 
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Operation of the Invention 

It has been found that when a fuel cell is temporarily placed in an oxidant feed 
deficit state during operation, performance improves thereafter (i.e., output voltage 
increases for a given load current), as shown in Fig. 2. In the graph, cell voltage is 
plotted on the vertical axis and time on the horizontal axis to show the change in cell 
voltage with time. From the graph it will be apparent that when a temporary oxidant feed 
deficit (fuel is supplied in sufficient quantity during this time) is created during normal 
operation, during normal operation subsequent to this deficit state, cell voltage rises to a 
level higher than that in normal operation prior to the deficit state. Accordingly, as 
shown in the graph in Fig. 3 -which has cell voltage plotted on the vertical axis and time 
on the horizontal axis so as to show the change in cell voltage with time- creating a 
temporary oxidant feed deficit when needed gives the cell voltage time plot indicated by 
the broken line in the graph, which may be seen to represent an improvement over the 
cell voltage time plot obtained with the conventional method of operation, indicated in 
the graph by the solid line. That is, creating an oxidant feed deficit state when needed has 
the effect of restoring cell performance, reducing deterioration in cell performance with 
time, or actively improving cell performance to give a higher performance cell. 

Examples 

A fuller understanding of the invention is provided through the following 
description of the example depicted in the accompanying drawings. Fig. 1 depicts an 
example of the invention. The illustrated fuel cell power generation system comprises a 
series circuit 1 composed of a plurality of fuel cell stacks 1„ 1 2 ... 1 N connected in series, 
and a load 2 and load current detection device 3 connected in series with this series circuit 
1. Fuel and oxidant feed lines 4, 5 for supplying fuel and oxidant to fuel cell stacks 1„ 1 2 
... 1 N are also provided. In the present example, in the fuel cell power generation system 
of this arrangement [each] fuel cell stack 1„ 1 2 ... 1 N is provided with a cell output 
controller 6, and its oxidant feed line 5 is provided with a flow regulator, for example, a 
flow regulator valve 7. A control unit 8 [coupled with] the cell output controllers 6, flow 
regulator valves 7, and load current detection device 3 is provided so as to enable a 
selected cell sjack 1 , of the series circuit 1 to be temporarily placed in an oxidant feed 
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deficit state during operation of the series circuit 1, without dropping the load current of 
the series circuit 1. By so doing it is possible to furnish fuel cell stacks 1,, 1 2 ... 1 N with 
cell outpufcontr^rs 6, furnish oxidant feed lines 5 with flow Regulator valves 7, and 
furnish the cell output controllers 6, flow regulator valves 7 and load current detection 
device 3 with a control unit 8 [coupled therewith] to enable a selected cell stack 1, of the 
series circuit 1 to be temporarily placed in an oxidant feed deficit state during operation 
of the series circuit 1, without dropping the load current of the series circuit 1, thereby 
reducing deterioration in cell performance with time or actively improving cell 
performance, so as to extend cell life to give the fuel cell power generation system better 
performance. 

In a fuel cell power generation system of this arrangement, when it is desired to 
place a selected cell stack 1 , of the series circuit 1 in an oxidant feeddeficit state, the 
flow r egulator valve 7 of c ell^ckljjs^adjusted by means of control unit 8 to reduce the 
flow of oxidant to cell sta ckj^, in such a w ay as t^avoidj±anging the load current 
detec ted by the load current detection device 3, that is, so as to leave the total power 
o utput of the system (series circuit 1) unchanged. The output of the cell stacks 1 2 . . . 1 N i 
other than cell stackl , is then increased by means of control unit 8 via the cell output 
controllers L 6 ^in cluding the mechanisms for ad justing cell output, e : g,.adjustment of 
recirculant flow from the oxidant outlet to the inlet, temperature_adjustment, etc.) to 
compensate for the drop in cell output by cell stack 1,. In this way the load 2 is 
unaffecfea~by the insufficient^ is, it is possible to place 

a selected cell stack 1 1 of series c ircuit 1 in a temporarily oxidant feed deficit during 
operation of the system, without dropping the load current of the system, thereby 
extending cell life and giving the fu el c ell power generation system better performance. 

According to the present example, cell performance can be improved within a 
brief period of time (cell output voltage can be increased from several mV to several tens 
of mV for a given load cell). Given current technology, this equates to a deterioration in 
cell performance after more than 1000 hours. Accordingly, by means of the present 
example degradation in cell performance over time can be restored, cell life extended, and 
cell performance bettered to high a high-performance cell. 
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By disconnecting the power generation system from the load and connecting it tc 
a dummy load of selected resistance before performing the above procedure, working 
effects analogous to those taught above are achieved without any concern as regards the 
load. 



Where a fuel cell power generation system has only one cell stack, the following 
may be possible. 

(1) The actual load may be disconnected and the fuel cell, namely the one cell stack, 
connected to another power source (one capable of constant current control) and, 
optionally, a dummy load, and load current flow continued with the fuel cell in an oxidant 
feed deficit state (fuel [feed] is sufficient).^This facilitates control of current flow in an 
oxidant deprived state. 

(2) The actual load may be disconnected, the fuel cell connected to a dummy load, and 
power generated in an oxidant deprived state. The group of single cells that, of the 
plurality of single cells in the stack, are not deprived of oxidant due to the resultant 
deflection of gas flow continue to generate power, obviating the need to connect the stack 
to another power source as in (1) while still affording analogous working effects. 
However, only some of the cells of the plurality of single cells are placed in an oxidant 
deprived state. 

Effects of the Invention 

The fuel cell taught herein affords extended cell life and higher performance, 
thereby providing a fuel cell power generating system and operating method that afford 
extended cell life and higher performance. 

4. Brief Description of the Drawings 

Fig. 1 is a system diagram of the fuel cell power generating system pertaining to 
an example of the invention; Fig. 2 is a graph of changes in cell voltage over time in an 
oxidant feed deficit state during normal operation of the fuel cell; and Fig. 3 is a graph of 
changes in cell voltage over time with and without an oxidant feed deficit state during 
operation. 
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1 . . . serial circuit, 1 „ 1 2 , 1 N . . . cell stacks, 2 . . . load, 3 . . . load current detection device, 4 
. . . fuel feed line, 5 . . . oxidant feed line, 6 . . . cell output controller, 1 ... flow regulator 
valve (flow regulator), 8 . . . control unit 

Agent: OGAWA Katsuo, Patent Attorney 
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Fig. 1 
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1 — serial circuit 
1 , ~ cell stack 
1 2 — cell stack 

1 N ~ cell stack 

2 - load 

3 - load current detection device 

4 - fuel feed line 

5 — oxidant feed line 

6 ~ cell output controller 

7 flow regulator valve 

8 - control unit 
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Fig. 2 
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[Key to figure: (A) cell voltage; (B) normal operation; (C) normal operation; (D) oxidant feed deficit; (E) 
time] 


Fig. 3 
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[Key to figure: (A) cell voltage; (B) change in cell voltage vs. time, invention (C) change in cell voltage vs. 
time, conventional operation; (D) time; (E) temporary deficit in oxidant feed] 
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ABSTRACT : PURPOSE: To make it possible to lengthen the life and to increase the performance of a 
fuel cell by installing a device and a method by which oxidizing agent supply shortage is 
temporarily brought during the operation of a fuel cell. 

CONSTITUTION: Cell output controllers 6 are installed in cell stacks 1 1t 1 2 ,...1N. Flow 
controllers such as flow regulating valves 7 are installed in oxidizing agent supply lines 5. 
A controller 8 is arranged between the cell output controllers, the flow regulating valves 7 
and a load current detector 3. A specific cell stack ^ of a series stack 1 is temporarily 
brought in an oxidizing agent shortage state during the operation of the series stack 1 
without a decrease in load current of the series stack 1 . By this process, the deterioration 
in cell performance with the passage of time is retarded and cell perforamnce is increased 
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